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A B S T R A C T
This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:
1. To identify the effects and assess the effectiveness of interventions to reduce sedentary behaviour (total sedentary time and the
pattern of accumulation of sedentary time) in older adults.
2. To summarise the effects of interventions to reduce sedentary behaviour on quality of life, depression, and health status in older
adults.
3. To summarise any evidence on the cost-effectiveness of interventions that reduce sedentary behaviour in older adults.
B A C K G R O U N D
Description of the condition
Sedentary behaviour has been defined as an activity where the
predominant posture is sitting or lying and energy expenditure
is low (Chastin 2013; SBRN 2012). Sedentary behaviour is dis-
tinctly different from inactivity: inactivity is often regarded as not
meeting physical activity guidelines for health, or too little exer-
cise - sedentary behaviour is too much sitting (Owen 2010). So,
standing for long periods would be considered inactivity, sitting
or lying down (except sleep) for long periods would be sedentary
behaviour. Going for a slow walk would not be considered being
sedentary (as the person is not sitting) and if the person never or
rarely gets warmer or out of breath (moderate activity) they would
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be categorised as being inactive. To reduce sedentary behaviour,
we need to get people on their feet (if able) as often as possible
in their waking hours but we are not necessarily asking them to
perform activity to a level that is moderate or vigorous.
Evidence is increasing to suggest that sedentary behaviour, es-
pecially when accumulated in prolonged and continuous bouts,
is detrimental to physical health (de Rezende 2014; Dunstan
2012; Henson 2013), mental health (Lauder 2006), quality of life
(Laforge 1999), and bone health (Chastin 2014), in addition to
being associated with all-cause mortality, disease incidence and
hospitalisation (Biswas 2015). Prolonged screen-based sedentary
activities, for example watching television, have been shown to
be associated with depressive symptoms (Teychenne 2010), whilst
metabolic syndrome has a significant correlation with lengthy
sedentary periods (Bankoski 2011). Sedentary behaviour is also
associated with lower odds of successful ageing (Dogra 2012).
These deleterious health effects of sedentary behaviour are differ-
ent to those of physical inactivity and largely independent of an
individual’s physical activity levels (Bankoski 2011). In fact, the
latest meta-analysis reveals that over one hour of daily moderate-
intensity activity is required to attenuate the association between
sedentary time and mortality (Ekelund 2016). Spending on av-
erage 80% of their time in a seated posture and with 67% being
sedentary for more than 8.5 hours per day (Harvey 2013), older
adults are the most sedentary segment of society and seldom en-
gage in such high level of daily moderate-intensity activity.
TheUK and other countries have now issued recommendations to
reduce sedentary time as part of their physical activity guidelines
(DoH 2011). These guidelines recommend reducing sedentary
time in addition to engaging in moderate-intensity physical activ-
ity. The reasoning is that solely promoting physical activity does
not necessarily reduce sitting time as one may achieve the recom-
mended physical activity guidelines, yet still sit for large periods of
the day (Dogra 2012;Katzmarzyk 2010). Indeed, the latest reviews
indicate that interventions aimed at promoting physical activity
are ineffective at reducing sedentary time (Martin 2015; Prince
2014). Experimental work indicates that time spent in moderate-
intensity activity tends to displace time that individuals usually
spend in light activity and activities incidental to daily living but
not sitting time (Gomersall 2015). Interventions devised specif-
ically to reduce sedentary behaviour are needed and are the next
step in this field of research (Owen 2011).
The aim of this review is to both synthesise and compare the
current evidence on the effectiveness of interventions to reduce
sedentary time amongst the older adult population.
Description of the intervention
This review will assess the effectiveness of interventions aimed
specifically at reducing sedentary behaviour in community-
dwelling older adults. Sedentary behaviour is ubiquitous and oc-
curs throughout the day. In order to reduce sedentary time, in-
terventions must specifically promote more time spent in upright
postures throughout the day. Interventions can specifically focus
on sedentary behaviour or be part of physical activity programmes
which include a component specifically addressing sedentary be-
haviour (Martin 2015; Prince 2014). The type and components of
interventions developed in adults (18 years and over) have varied
widely and have been mapped against the taxonomy of behaviour
change strategies (Gardner 2016; Michie 2013).
Some interventions target individuals on a one-to-one basis, or
may look at a wider reach through communities; some provide
feedback using monitors; and some just rely on general aware-
ness raising. With advances in body-worn sensors and self-track-
ing technology the use of promoting devices is starting to appear
in the literature. Finally some interventions are now considering
environmental restructuring, such as standing desks and outdoor
spaces.
Some of these interventions have been delivered via online media,
for example using email messages (Adams 2013), whilst face-to-
face consultations have also been shown to provide fruitful out-
comes in decreasing sedentary periods (Gardiner 2011). Modifi-
cation of individual modalities, for example targeting cognitive
behavioural therapy, has been the focus of numerous interventions
(de Greef 2010).
The majority of interventions have focused on the individual,
but others are attempting to modify more distal determinants of
sedentary behaviour or even target a different level of determinants
(Owen 2011). For example, environmental restructuring inter-
ventions modifying home and workplace layout or implementing
outdoor spaces and facilities have all been acknowledged as po-
tentially potent ways of reducing sedentary time (Gardner 2016;
Tandon 2012).
Recent reviews of interventions in adults found that interventions
that targeted sedentary behaviour specifically instead of physical
activity were more successful in reducing sedentary time (Martin
2015; Prince 2014). A systematic review identified that interven-
tions based on environmental restructuring, persuasion, or educa-
tion were more successful in reducing sitting time and that self-
monitoring, problem solving, and restructuring the social or phys-
ical environment were particularly useful behaviour change tech-
niques (Gardner 2016).
There are some limitations in interventions attempting to reduce
sedentary time in older adults. Primarily, some sedentary activities
older adults participate in, for example reading and socialising
(Leask 2015), provide a mental health benefit (Alpass 2003), and
facilitate cognitive function in ageing (Hertzog 2009). Therefore,
although prolonged sedentary time may have a detrimental effect
on physical health, some instances provide a positive mental health
benefit and should not be decreased. Further activities, for example
eating and resting, are essential for daily living and should not be
altered.
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How the intervention might work
Interventions to reduce sedentary time in adults have been either
interventions with a specific goal of increasing physical activity
levels alongside reducing sedentary time or interventions aimed at
reducing sedentary time only (Martin 2015; Prince 2014). Those
focusing on reducing sedentary behaviour have resulted in a greater
reduction of sedentary time (Martin 2015; Prince 2014). Indeed
the determinants of sedentary behaviour are distinct from those
of physical activity (Chastin 2015b), and the intervention must
specifically address these determinants.
There are a number of different ways that sedentary behaviour
interventions are predicted to decrease sedentary time or break up
prolonged sitting time in older adults.
• Providing information: interventions could be used to
educate individuals on the benefits of decreasing their overall
sedentary time and breaking up prolonged sedentary periods, by
using consultations/interviews, reviewing their own behaviour
(self-monitoring by diary) or employing a feedback system. An
example of such a feedback system would be the use of objective
monitors to detect sedentary behaviour and print out feedback
to be discussed with the individual to identify times when
prolonged sitting could be reduced (i.e. by avoiding preferred
seated activities such as social events, reading and knitting).
• Prompting: real-time behaviour prompts using wearable
sensor and mobile technology that detect prolonged sedentary
periods and prompt the individual to rise and move. Less
frequent reminders by email and phone message may act as a less
regular prompt system.
• Environmental restructuring: interventions may alter
indoor or outdoor spaces to attempt to decrease individuals’
sedentary time. More specifically, home or care setting layout
changes might be considered, to encourage individuals to sit less.
Standing desks and perching stools rather than comfortable seats
are some potential examples of this.
• Policy change: organisations which provide services and
care for older adults might change working practices to
encourage individuals to sit less by, for example, using chair
movement monitors, or encouraging staff to mobilise patients on
a more regular basis.
Why it is important to do this review
The benefits of being physically active for older adults’ health are
well established (Kerr 2012; King 2001); and evidence suggesting
the effectiveness of several intervention types to increase physical
activity has been summarised in several review articles (King 1998;
Van der Bij 2002). Despite these findings, older adults spend large
periods of the day being sedentary, regardless of whether they are
physically active (Harvey2013;Harvey 2015). Increased sedentary
time is associated with poorer health outcomes in older adults (de
Rezende 2014), including physical function (Rosenberg 2015),
onset of frailty (Song 2015), and less successful ageing (Dogra
2012). There is now robust epidemiological evidence showing that
the effect on health of prolonged sedentary time cannot be com-
pensated for by adherence to physical activity and any exercise pro-
tocol (Biswas 2015). Consequently, interventions that specifically
target sedentary behaviour have been advocated in this population
in addition to promoting physical activity (Sparling 2015; Manns
2012). Older adults are potentially the population thatmight ben-
efit the most from a reduction of sedentary time, because they are
the most sedentary group and have the highest chronic disease
burden (Harvey 2013; Harvey 2015). In addition, qualitative re-
search reveals that older adults consider interventions to reduce
sedentary behaviour more acceptable and desirable for them to ad-
here to than exercise programmes (Greenwood-Hickman 2015).
To date, no reviews are available which have summarised study
findings which aim to reduce or change sedentary patterns in older
adults. Recently two reviews summarised the evidence in adults,
including older adults (Martin 2015; Prince 2014). They included
studies with a control or comparison group and identified four
studies in older adults, but none with a sole focus on sedentary
time. Compiling this information may help inform future inter-
ventions regarding the most successful and efficient methods to
be found in the literature to decrease sedentary time in the pop-
ulation group with the largest amount and highest prevalence of
sedentary time (Harvey 2015).
O B J E C T I V E S
1. To identify the effects and assess the effectiveness of
interventions to reduce sedentary behaviour (total sedentary time
and the pattern of accumulation of sedentary time) in older
adults.
2. To summarise the effects of interventions to reduce
sedentary behaviour on quality of life, depression, and health
status in older adults.
3. To summarise any evidence on the cost-effectiveness of
interventions that reduce sedentary behaviour in older adults.
M E T H O D S
Criteria for considering studies for this review
Types of studies
Due to the early nature of interventions to reduce sedentary time
or change prolonged sitting patterns, this review will be not be
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restricted to randomised controlled trials. Despite the potential
for bias in other study designs, the following study types will be
included.
• Randomised controlled trials (RCTs).
• Cluster RCTs.
• Non-randomised controlled trials (NRCTs).
• Controlled before-after (CBA) studies with at least two
intervention sites and two control sites.
• Cross-over studies.
• Interrupted Time Series (ITS) with a clearly defined point
in time when the intervention occurred and at least three
datapoints before and three after the intervention).
Types of participants
The inclusion criteria for data from studies will be as follows.
1. Adults aged 60 years and over.
2. Community-dwelling at home or living in a place of
residence that does not provide nursing care, for example
sheltered housing or residential complexes and not care or
nursing homes.
3. Participants may have multiple co-morbidities or be disease
free.
4. Studies investigating interventions in specific clinical
populations only (e.g. stroke survivors) will be excluded.
Types of interventions
The review will include studies that report the following inter-
ventions (population-, community- or individual-based) designed
to reduce sedentary time and particular sedentary behaviours, for
example sitting time and watching television.
1. Interventions targeting the raising of awareness and
provision of information. This might include interventions
which use IT and social networks in addition to peer support
networks.
2. Interventions which use prompting on multiple occasions
(vibration monitors, phones, emails) to raise awareness and
provide feedback on sedentary behaviour.
3. Interventions which attempt to alter the environment, for
example modifying the layout of indoor and outdoor spaces and
furniture.
4. Interventions that aim to change policy and practice in
people’s work with older people, for example motivating staff to
encourage older people to move more frequently.
Interventions will be categorised as short term (up to 3 months in
duration), medium term (3 months to 1 year in duration) or long
term (longer than 1 year in duration).
The review will not consider interventions aimed solely at increas-
ing physical activity; however interventions that target both an in-
crease in physical activity and a reduction in sedentary behaviour
will be included but presented separately.
We will compare the interventions described above with no inter-
vention or with standard care or with other active interventions.
Types of outcome measures
Primary outcomes
1. Time spent sedentary (measured by self-reported measures
or objective measures).
2. Time spent in specific sedentary behaviour (e.g. time spent
watching TV) as defined by the International Classification of
Sedentary Behaviours (Chastin 2013).
3. Pattern of accumulation of sedentary time (e.g. number of
breaks in sedentary time (Chastin 2015a; Healy 2008),
distribution of bouts of sedentary time (Chastin 2010)).
Secondary outcomes
1. Quality of life.
2. Depression.
3. Health status (improvement in physical function,
cardiovascular and metabolic outcomes, and improvement in
cognition).
4. Cost-effectiveness.
Search methods for identification of studies
The draft search strategy for MEDLINE will be used as the basis
for search strategies in the other databases.
The search string is presented in Appendix 1.
Electronic searches
We will search all potentially eligible published studies. We will
create a comprehensive search strategy, derived from terms related
to sedentary behaviour, study design type, and population of study
participants. Search criteria will be informed by reviews byMartin
and colleagues and Prince and colleagues (Martin 2015; Prince
2014).Wewill search the following electronic databases to identify
a list of potential articles that are written in English.
1. Cochrane Central Register of Controlled Trials
(CENTRAL) in the Cochrane Library.
2. Embase (Embase.com).
3. MEDLINE (PubMed).
4. World Health Organization (WHO) International Clinical
Trials Registry Platform (ICTRP) search portal (apps.who.int/
trialsearch).
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8. PEDro (Physiotherapy Evidence Database;
www.pedro.org.au).
9. EPPI-Centre Databases (eppi.ioe.ac.uk/cms/Default.aspx?




We will consult the reference list of articles for additional stud-
ies. We will also contact experts in the field through the Interna-
tional Physical and Environment Network (www.ipenproject.org/
index.html), International Society for Physical Activity and
Health (www.ispah.org), Sedentary Behaviour Research Network
(www.sedentarybehaviour.org) and other leading international re-
search networks in order to identify any additional work which is
unpublished.
Data collection and analysis
Selection of studies
Two authors will review studies independently through three
stages: 1) title screening; 2) abstract screening; 3) full-text screen-
ing. Authors will code the studies at each stage of the review pro-
cess as ’included’ or ’excluded’. If they encounter any inclusion or
exclusion discrepancies, the two authors will either resolve them
by discussion, or consult a third author who will act as arbitrator.
We will exclude duplicate studies. We will record and present the
inclusion process in a PRISMA flow diagram (Moher 2009).
Data extraction and management
We will extract the following data from all studies using the
Cochrane Public Health extraction template.
1. Methodological information: study design, intervention
duration, follow-up duration, study date, context.
2. Participant information: inclusion and exclusion criteria,
sample size, age range, pre-intervention and post-intervention
sitting time, health status, socioeconomic status.
3. Sedentary behaviour monitoring method.
4. Intervention information: intervention description, length
and if a comparison intervention or control group was used.
5. Outcome information: reporting both primary and
secondary outcomes.
6. Additional information: conflicts of interest; intervention
fidelity (whether the intervention was delivered as planned);
information on the nature and extent of any additional actions
given as part of the intervention (co-interventions); intervention
costs; source of study funding.
Two authors will independently extract data on each study. They
will resolve any disagreements regarding data extraction by discus-
sion or, if needs be, by consulting a third author. They will ini-
tially enter all extracted information into a spreadsheet before one
author transfers it to Review Manager 5 (RevMan 5). A second
author will double check the data once it is transferred to ensure
correct data entry.
We will present these data in a ’Characteristics of included studies’
table.
Assessment of risk of bias in included studies
Two review authors will independently assess the included studies
with respect to risk of bias. We will assess RCTs using Cochrane’s
’Risk of bias’ tool (Higgins 2011). This tool assesses five domains:
selection bias (sequence generation and allocation concealment);
performance and detection bias (blinding); attrition bias (incom-
plete outcome data, withdrawals, dropouts, protocol deviations);
reporting bias; and an open “other bias” category (such as baseline
comparability for age, gender and occupation).
For the other study designs, we will use study-appropriate risk of
bias domains as developed by the EPOC group (EPOC 2017):
similar baseline characteristics, similar baseline outcome mea-
sures, reliable primary outcome measures and adequate protection
against contamination. For ITS studieswewill consider the follow-
ing domains: was the intervention independent of other changes,
was the shape of the intervention effect pre-specified, was the in-
tervention unlikely to affect data collection, was knowledge of the
allocated intervention adequately prevented during the study, were
incomplete outcome data adequately addressed, was the study free
from selective outcome reporting andwas the study free fromother
risks of bias? For cluster RCT we will consider (i) recruitment bias;
(ii) baseline imbalance; (iii) loss of clusters; (iv) incorrect analysis;
and (v) comparability with individually randomised trials.
We will resolve any disagreement in the assessment between the
two review authors by discussion or consensus with a third review
author. We will assess the likely magnitude and direction of the
bias on the findings.
We will assess each potential source of bias as high, low or unclear
and provide a justification for our judgment in the ’Risk of bias’
tables.We will not consider blinding of participants and personnel
for risk of bias assessment as it is not possible to blind them in
studies trying to modify sedentary behaviour. We will consider
each blinding of outcome assessment differently when sedentary
time is assessed objectively or by self-report. Studies will be deemed
to have a high risk of bias if we judge the study to have a high risk
of bias in any of the criteria (excluding blinding of participants
and personnel).
Measures of treatment effect
In order to calculate treatment effects, we will enter outcome data
from all included studies into RevMan 5. We will use risk ratio
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(RR) for dichotomous outcomes, and mean and mean differences
(MDs) for continuous outcomes. We will use the generic inverse
variance method when continuous outcomes are not available but
only effect estimates (such as 95% confidence intervals or standard
error).
Unit of analysis issues
If a selected study includesmultiple trial arms, thenwewill include
only the relevant arms. If trials with multiple relevant intervention
arms incorporate a standard care or placebo or control arm to their
trial, we will include them and compare each arm to the control.
For cluster-randomized studies that report sufficient data to be
included in the meta-analysis but do not correct for the design
effect, we will calculate the design effect based on a fairly large
assumed intracluster correlation coefficient of 0.10.
If the study used a cluster design, we will assess whether the re-
ported results were properly adjusted to account for clustering ef-
fects and what method was used.
Dealing with missing data
If there are missing numerical outcome data, we will contact study
authors in an attempt to retrieve them. In the event that we are
unable to gather these data then a risk of bias might be introduced,
and we will conduct a sensitivity analysis to assess the impact of
including the study. Two authors will then discuss whether the
study should be included in the analysis or excluded due to a high
potential risk of bias.
If outcome data such as standard deviations are missing and
we cannot obtain them from the authors, we will derive them
from other available statistics following the methods described in
the Cochrane Handbook for Systematic Reviews of Interventions (
Higgins 2011).
Assessment of heterogeneity
We will class studies as homogeneous when the results are similar
with regards to participants, interventions and outcomes.
We will analyse heterogeneity using the I² and Chi² statistic and
corresponding P value, as well as Tau² for random-effects meta-
analysis. We will report degrees of heterogeneity as a low degree of
heterogeneity (25% to 50%), a moderate degree of heterogeneity
(50% to 75%) or a high degree of heterogeneity (75% or higher).
Assessment of reporting biases
Provided that we are able to pool more than 10 trials in any meta-
analysis, publication bias will be assessed using the funnel plot and
Egger’s test methods (Egger 1997).
Data synthesis
We will sort the included studies according to the intervention,
measures and comparisons made. We will assess results for each
comparison and collate them separately. The findings of the studies
will be systematically examined and integrated across studies. The
included studies will be described and grouped by study design,
population, outcomes, and setting. We will tabulate data and use
them to explore relationships within and between included studies
in a narrative summary.
If population, study design, intervention and outcome measures
are similar enough across studies, we will conduct meta-analyses
using RevMan 5. If outcomes within a comparison are obtained
from several study designs, we will present results from non-ran-
domised designs separately.
We will use RevMan 5 to gather homogeneous data (including
economic data) from studies. We will perform meta-analysis if
appropriate. We will use a fixed-effect model for homogeneous
data, whilst if we find data to be statistically heterogeneous we will
use a random-effects model. We will analyse intervention effects
according to primary intervention categories: self-reported sitting
time, television viewing, miscellaneous sedentary time, and objec-
tively measured sitting time.
If we do not consider meta-analysis to be meaningful or appropri-
ate, we will present descriptive data in text and tables and synthe-
sise narratively in the main text of the review. We will structure
the narrative synthesis according to study design or study quality
and intervention setting.
Quality of the evidence
We will present the main outcome measures in a ’Summary of
findings’ table and will assess the quality of evidence for each of the
outcomes using the GRADE methodology (Guyatt 2011). Using
GRADE, we will reflect the extent to which we have confidence
that the estimates of effect are correct. Our confidence will be pre-
sented as either high, moderate, low or very low. We will assess the
results for each outcome measure against eight criteria. The first
five criteria are considered for possible downgrading of the quality
of documentation: study quality (risk of bias); consistency (con-
sistency between studies); directness (the same study participants,
intervention and outcome measures in included studies is for the
people, measures and outcomes we wanted to study); precision
of results; and reporting biases. Results can be upgraded by three
criteria: strong or very strong associations between intervention
and outcome; large or very large dose-response effects; and where
all plausible confounders would have reduced the effect.
Subgroup analysis and investigation of heterogeneity
If there are sufficient data, we will explore subgroup analysis on
the primary research objective. The following subgroups will be
examined using the outcomes of self-reported sitting time, televi-
sion viewing, miscellaneous sedentary time and objectively mea-
sured sitting time.
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1. Gender.





We will assess the robustness of our conclusions by performing a
sensitivity analysis in which we will exclude studies judged to have
a high risk of bias from the meta-analysis on primary outcomes.
We may conduct further sensitivity analyses based on study char-
acteristics that emerge during the review process.
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A P P E N D I C E S
Appendix 1. Draft search terms for PubMed
Draft MEDLINE (Pubmed) search strategy terms. Sedentary terms, Study design terms and Population terms will be linked by a AND
boolean operator
In addition filter will be applied to limit the search to human research and texts in English.
Sedentary terms
1. Sedentary lifestyle[MeSH Terms]
2. (((sedentary behavior[tiab]) OR sedentary behaviour[tiab]) OR sedentary lifestyle[tiab])
3. prolonged sitting[tiab]
4. (sitting time[tiab]) OR lying time[tiab]
5. computer[MeSH Terms]
6. ((computer use[tiab]) OR computer usage[tiab]) OR computer time[tiab]
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7. ((internet use[tiab]) OR internet usage[tiab]) OR internet time[tiab]
8. television[MeSH Terms]
9. ((television viewing[tiab]) OR television watching[tiab]) OR television time[tiab]
10. ((TV viewing[tiab]) OR TV watching[tiab]) OR TV time[tiab]
11. (watch television[tiab]) OR view television[tiab]
12. (watch TV[tiab]) OR view TV[tiab]
13. ((screen watching[tiab]) OR screen use[tiab]) OR screen time[tiab]
14. ((screen entertainment[tiab]) OR screen behaviour[tiab]) OR screen behavior[tiab]
15. ((screen-based entertainment[tiab]) OR screen-based behaviour[tiab]) OR screen-based behavior[tiab]
16. reading time[tiab]
17. (games, video[MeSH Terms]) OR games, video[MeSH Terms]
18. (((computer game time[tiab]) OR computer gaming time[tiab]) OR video game time[tiab]) OR video gaming time[tiab]
19. (computer game[tiab]) OR computer gaming[tiab]
20. (video game[tiab]) OR video gaming[tiab]




23. program evaluation[MeSH Terms]
24. intervention[tiab]
25. evaluation[tiab]
26. (randomised[tiab]) OR randomised[tiab]
27. (quasi-randomised[tiab]) OR quasi-randomized[tiab]
28. (non-randomised[tiab]) OR non-randomized[tiab]
29. randomised controlled trial[pt]
30. controlled clinical trial [pt]
31. randomly[tiab]




















50. (geriatric[Title/Abstract]) OR geriatrics[Title/Abstract]
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C O N T R I B U T I O N S O F A U T H O R S
Chastin, Skelton, Ashe, Helbostad, Gardiner and Leask conceived and developed the protocol. Harvey and Balogun commented on
drafts of the protocol and search strategies. Gardiner and Leask will review all selected publications, with Skelton as adjudicator. Chastin
will perform statistical analysis. Ashe, Helbostad, Harvey, Gardiner and Balogun will comment on drafts of the review.
D E C L A R A T I O N S O F I N T E R E S T
Skelton, Chastin, Ashe, Helbostad, Gardiner, Harvey, Balogun and Leask: none known.
S O U R C E S O F S U P P O R T
Internal sources
• New Source of support, Other.
External sources
• No sources of support supplied
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